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Numerical Analysis of Nuclear-Power Plant Subjected to an Aircraft Impact using
Parallel Processor
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Abstract

In this paper, the behavior of nuclear-power plant subjected to an aircraft impact is performed using the parallel analysis. In the
erstwhile study of an aircraft impact to the nuclear-power plant, it has been used that the impact load is applied at the local area
by using the impact load-time history function of Riera, and the target structures have been restricted to the simple RC(Reinforced
Concrete) walls or RC buildings. However, in this paper, the analysis of an aircraft impact is performed by using a real aircraft model
similar to the Boeing 767 and a fictitious nuclear-power plant similar to the real structure, and an aircraft model is verified by
comparing the generated history of the aircraft crash against the rigid target with another history by using the Riera’s function which
is allowable in the impact evaluation guide, NEI07-13(2009). Also, in general, it is required too much time for the hypervelocity impact
analysis due to the contact problems between two or more adjacent physical bodies and the high nonlinearity causing dynamic large
deformation, so there is a limitation with a single CPU alone to deal with these problems effectively. Therefore, in this paper,
Message-Passing MIMD type of parallel analysis is performed by using self-constructed Linux-Cluster system to improve the
computational efficiency, and in order to evaluate the parallel performance, the four cases of analysis, i.e. plain concrete, reinforced
concrete, reinforced concrete with bonded containment liner plate, steel-plate concrete structure, are performed and discussed.

Keywords - impact analysis, aircraft impact, nuclear-power plant, parallel analysis, linux cluster
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# Define the problem _ 2 Calculate the forces, @ Update mesh a

- External forces
°Pressure forces

° Constitutive model
°Boundary conditions

= Artificial stability forces

t

- Equation of state

> Constitutive of state
>Boundary conditions

> Mesh geometry

= Eulerian or Lagrangian?
°material properties

< Update the mesh by
moving vertices or
U Yes

fluxing material
DEIWEENCAIS Is solution reached?

° Advance time

No
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Strength Model

Johnson Cook Model

Shear Modulus
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E 3 Material Properties of Concrete

Parameter Value

Equation of State P alpha

Parameter, B, 1.220e+00(none)

Parameter, 7, 3.527e+07(kPa)

Parameter, 7, 0.000e +00(kPa)

Bulk Modulus, 4, 3.527e+07(kPa)

Strength RHT Concrete

Shear Modulus 1.670e+07 (kPa)

Compressive Strength, f, 3.50e+04(kPa)

Tensile Strength, f,/f. 1.0e-01(none)

Shear Strength, f./f. 1.80e-01(none)

Intact Failure Surface Constant, 4 1.60e+00(none)

Intact Failure Surface Exponent, N 6.10e-01(none)

Failure RHT Concrete

Damage Constant, D, 4.00e-02(none)

Damage Constant, D, 1.00e+00(none)

Residual Shear Modulus Fraction 1.30e-01(none)

Hydro(

mm)

Tensile Failure

Erosion Geometric strain

Dimension Real Structure |Fictitious Structure
Height(m) 67.82 67.00
Inside Diameter(m) 43.90 44.00
Wall Thickness(m) 1.15 1.20
Dome Radius(m) 21.95 22.00
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3 4 Material Properties of Steel

Parameter Value

Equation of State Linear

Reference density 7.83e+00(g/cm®)

Bulk Modulus 1.59e+08(kPa)

Strength Johnson Cook

Shear Modulus 8.18e+07(kPa)

Yield Stress(Reinforced Bar) 5.121e+05(kPa)

Yield Stress(Liner Plate) 2.846e+05(kPa)
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